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(57) ABSTRACT

A sheet conveying device includes: a curved conveyance
path; and a pair of downstream side rollers that lies on the
downstream side with respect to the curved conveyance
path, and catches the sheet conveyed from the upstream side
with respect to the curved conveyance path and reaching the
curved conveyance path, wherein the curved conveyance
path includes a movable guide movable between a first
position and a second position, at the first position, the
movable guide forms an outer circumferential wall of the
curved conveyance path, and guides a tip of the sheet in such
a direction that the sheet conveyed to the curved conveyance
path travels toward the pair of downstream side rollers, and
at the second position, a summit portion of a curve of the
outer circumferential wall is retracted toward the outside in
a radial direction of the curve with respect to the first
position.

10 Claims, 8 Drawing Sheets
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1
SHEET CONVEYING DEVICE AND IMAGE
FORMING APPARATUS

The entire disclosure of Japanese Patent Application No.
2014-108475 filed on May 26, 2014 including description,
claims, drawings, and abstract are incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sheet conveying device
for conveying sheet, and an image forming apparatus includ-
ing this sheet conveying device.

2. Description of the Related Art

An image forming apparatus spreading in recent years
fixes a toner image to sheet, conveys the sheet to a curved
conveyance path, and discharges the sheet by using a pair of
discharge rollers disposed on the downstream side of the
conveyance path. This type of image forming apparatus
conveys the sheet in the vertical direction after transfer of
the toner image to the sheet to fix the toner image, and then
conveys the sheet in the horizontal direction to discharge the
sheet, for example.

According to the image forming apparatus having this
structure, the sheet conveyed to the curved conveyance path
contacts an outer circumferential wall of a curved portion of
the conveyance path, and travels toward the pair of dis-
charge rollers while guided by the curved conveyance path.
A sheet conveying device disclosed in JP 2008-120543 A is
configured to withdraw a guiding portion provided for
guiding a rear end of sheet so as to reduce noise generated
by collision between the guiding portion and the rear end of
the sheet.

According to the foregoing image forming apparatus, the
sheet easily contacts the outer circumferential wall while
passing through the curved conveyance path. Particularly at
the time of double-sided printing, the temperature of the
toner image fixed to a first surface of the sheet is raised high
by heat generated from a fixing unit. In this case, the toner
image may fuse and produce an abnormal image as a result
of contact between the fused toner image and the outer
circumferential wall. This problem becomes more conspicu-
ous when the circumferential speed of the pair of discharge
rollers is lower than the circumferential speed of a pair of
fixing rollers, for example, in which condition the sheet
easily bends in a loop shape.

In case of a structure which forms sheet feed ribs on the
outer circumferential wall, these ribs may produce not only
an abnormal image containing stripe marks in correspon-
dence with the ribs, but also accumulation and congealment
of fused toner on the ribs. When this accumulation occurs,
the deposit of toner may scratch the image printed on the
outer surface of the sheet. These scratches may produce an
abnormal image containing white stripes as a result of
exposure of the base of the sheet, or cause damage to the
sheet. In recent years, the use of toner fusible at a low
temperature is increasing in view of power consumption
reduction or for other reasons. Accordingly, this damage is
becoming more conspicuous than ever.

It is preferable that the sheet to be conveyed does not
contact parts of the apparatus more than necessary in view
of quality maintenance of the sheet, for example, in either
case of single-sided printing or double-sided printing.
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Accordingly, such consideration is preferably given which
minimizes the contact between the sheet and the outer
circumferential wall while the sheet is passing through the
curved conveyance path.

SUMMARY OF THE INVENTION

The present invention has been developed to solve the
aforementioned problems. It is an object of the present
invention to provide a sheet conveying device capable of
minimizing contact between sheet and an outer circumfer-
ential wall while the sheet is passing through a curved
conveyance path, and to provide an image forming appara-
tus including this sheet conveying device.

To achieve the abovementioned object, according to an
aspect, a sheet conveying device reflecting one aspect of the
present invention comprises: a curved conveyance path
along which sheet is conveyed; and a pair of downstream
side rollers that lies on the downstream side with respect to
the curved conveyance path, and catches the sheet conveyed
from the upstream side with respect to the curved convey-
ance path and reaching the curved conveyance path, wherein
the curved conveyance path includes a movable guide
movable between a first position and a second position, at
the first position, the movable guide forms an outer circum-
ferential wall of the curved conveyance path, and guides a
tip of the sheet in such a direction that the sheet conveyed
to the curved conveyance path travels toward the pair of
downstream side rollers, and at the second position, a
summit portion of a curve of the outer circumferential wall
is retracted toward the outside in a radial direction of the
curve with respect to the first position.

According to this configuration, contact between the outer
circumferential wall and the sheet passing through the
curved conveyance path is minimized. The “curved” state in
this context refers to such a state that the traveling direction
of the sheet changes to the thickness direction of the sheet
as the sheet advances in the traveling direction.

In a more specific mode of the above configuration, the
movable guide is preferably shifted from the first position to
the second position when the tip of the sheet is caught
between the pair of downstream side rollers. In a more
specific mode of the above configuration, a pair of upstream
side rollers are preferably provided on the upstream side
with respect to the curved conveyance path. In this case, the
sheet is conveyed to the curved conveyance path by the pair
of the upstream side rollers.

In a more specific mode of the above configuration, the
movable guide preferably includes an upstream side mov-
able guide rotatable around a fulcrum located in the vicinity
of the pair of upstream side rollers, and a downstream side
movable guide rotatable around a fulcrum located in the
vicinity of the pair of downstream side rollers. In this case,
the shift from the first position to the second position is a
shift of free ends of the upstream side movable guide and the
downstream side movable guide toward the outside in the
radial direction.

An image forming apparatus according to an embodiment
of'the present invention preferably comprises: a transfer unit
that transfers a toner image to sheet; and the sheet conveying
device having the above configuration, and conveying the
sheet to the curved conveyance path after the toner image is
transferred to the sheet, wherein the pair of upstream side
rollers fix the toner image to the sheet, and the pair of
downstream side rollers discharge the sheet.

In a more specific mode of the above configuration, the
image forming apparatus preferably comprises a switchback
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path along which the sheet conveyed to the curved convey-
ance path returns to the transfer unit. In this case, the
movable guide is movable to a third position at which the
movable guide guides the sheet in such a direction that the
sheet travels to the switchback path.

In a more specific mode of the above configuration, the
image forming apparatus preferably executes a double-sided
printing action for printing on both surfaces of sheet. In this
case, the double-sided printing action includes: a first trans-
fer process for transferring a toner image to one of surfaces
of the sheet, the first transfer process executed by the
transfer unit; a switchback process for returning the sheet to
the transfer unit after the first transfer process, while posi-
tioning the movable guide at the third position; a second
transfer process for transferring a toner image to the other
surface of the returned sheet, the second transfer process
executed by the transfer unit; and a discharge process for
conveying the sheet to the pair of downstream side rollers
after the second transfer process, while positioning the
movable guide at the first position, and subsequently for
shifting the movable guide to the second position when the
tip of the sheet is caught between the pair of downstream
side rollers.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages and features of
the present invention will become more fully understood
from the detailed description given hereinbelow and the
appended drawings which are given by way of illustration
only, and thus are not intended as a definition of the limits
of the present invention, and wherein:

FIG. 1 illustrates a general configuration of a printer
according to an embodiment;

FIG. 2 illustrates a configuration around a curved con-
veyance path (a movable guide located at a first position)
according to a first embodiment;

FIG. 3 illustrates a mechanism for shifting the movable
guide according to the first embodiment;

FIG. 4 illustrates a configuration around the curved con-
veyance path (the movable guide located at a second posi-
tion) according to the first embodiment;

FIG. 5 illustrates retraction of a summit portion of a
curve;

FIG. 6 illustrates a configuration around the curved con-
veyance path (the movable guide located at a third position)
according to the first embodiment;

FIG. 7 is a block diagram illustrating a system associated
with position control of the movable guide;

FIG. 8 is a flowchart describing the position control of the
movable guide;

FIG. 9 illustrates a configuration around a curved con-
veyance path according to a second embodiment;

FIG. 10 illustrates a shift of movable guide according to
the second embodiment;

FIG. 11 illustrates a mechanism for shifting the movable
guide according to the second embodiment;

FIG. 12 illustrates a configuration around a curved con-
veyance path according to a third embodiment;

FIG. 13 illustrates a shift of movable guide according to
the third embodiment; and

FIG. 14 illustrates a mechanism for shifting the movable
guide according to the third embodiment;

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, first through third embodiments of the pres-
ent invention will be described with reference to the draw-
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4

ings, as specific examples of an embodiment of the present
invention. However, the scope of the invention is not limited
to the illustrated examples.

1. First Embodiment
General Configuration of Printer

A tandem digital color printer (an example of image
forming apparatus, hereinafter abbreviated as “printer”)
according to the first embodiment is initially described as a
specific example.

FIG. 1 illustrates a general configuration of a printer 10
according to this embodiment. The up-down and left-right
directions in the following description coincide with the
up-down and left-right directions as viewed in FIG. 1. The
printer 10 includes an intermediate transfer belt 12 located
substantially at the center of the interior of the printer 10.
The intermediate transfer belt 12 is made of semiconductive
material, and supported by the outer circumferences of three
rollers 14, 16, and 18. The intermediate transfer belt 12 is
configured to rotate in a direction indicated by an arrow A.

Four imaging units 20Y, 20M, 20C, and 20K, correspond-
ing to toner colors of yellow (Y), magenta (M), cyan (C),
and black (K), respectively, are arranged along the interme-
diate transfer belt 12 below a lower horizontal portion of the
intermediate transfer belt 12.

The imaging units 20Y, 20M, 20C, and 20K contain
drum-shaped photosensitive bodies 22Y, 22M, 22C, and
22K, respectively. There are provided charging units 24Y,
24M, 24C, and 24K, print head units 26Y, 26M, 26C, and
26K, developing devices 28Y, 28M, 28C, and 28K, primary
transfer rollers 30Y, 30M, 30C, and 30K, and cleaners 32Y,
32M, 32C, and 32K around the photosensitive bodies 22Y,
22M, 22C, and 22K, respectively, sequentially in this order
in the rotation directions of the corresponding photosensitive
bodies 22Y, 22M, 22C, and 22K.

The charging units 24Y, 24M, 24C, and 24K charge
surfaces of the photosensitive bodies 22Y, 22M, 22C, and
22K. The print head units 26Y, 26M, 26C, and 26K expose
the charged photosensitive body surfaces in accordance with
respective color image data to form electrostatic latent
images. The developing devices 28Y, 28M, 28C, and 28K
develop the corresponding electrostatic latent images
formed on the photosensitive body surfaces using toners in
corresponding colors to form toner images.

The primary transfer rollers 30Y, 30M, 30C, and 30K are
disposed at positions facing to the corresponding photosen-
sitive bodies 22Y, 22M, 22C, and 22K, in such a state that
the intermediate transfer belt 12 is interposed between the
primary transfer rollers 30Y, 30M, 30C, and 30K and the
photosensitive bodies 22Y, 22M, 22C, and 22K, and in such
a state the inside of the intermediate transfer belt 12 contacts
the primary transfer rollers 30Y, 30M, 30C, and 30K. The
primary transfer rollers 30Y, 30M, 30C, and 30K transfer the
toner images formed on the photosensitive body surfaces to
the intermediate transfer belt 12 for primary transfer. The
cleaners 32Y, 32M, 32C, and 32K collect toner remaining on
the corresponding photosensitive body surfaces after pri-
mary transfer to clean the photosensitive body surfaces.

Each of the print head units 26Y, 26M, 26C, and 26K is
constituted by a number of LEDs arranged in the horizontal
scanning direction extending in parallel with the axial direc-
tions of the photosensitive bodies 22Y, 22M, 22C, and 22K.
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A portion of the intermediate transfer belt 12 is supported by
the roller 18. A secondary transfer roller 34 is pressed
against the outside of this portion of the intermediate trans-
fer belt 12.

The contact portion between the secondary transfer roller
34 and the intermediate transfer belt 12 forms a transfer area
36. The secondary transfer roller 34 is retractable to a
position not contacting the intermediate transfer belt 12 by
operation of a not-shown retracting mechanism.

Primary transfer voltage is applied from a not-shown
power supply to the primary transfer rollers 30Y, 30M, 30C,
and 30K. The toner images in respective colors are electro-
statically attracted toward the surfaces of the photosensitive
bodies 22Y, 22M, 22C, and 22K, and transferred to the
intermediate transfer belt 12 for primary transfer by appli-
cation of the primary transfer voltage.

On the other hand, secondary transfer voltage is applied
from the not-shown power supply to the secondary transfer
roller 34. The roller 18 supporting the intermediate transfer
belt 12 is grounded. The toner images formed on the
intermediate transfer belt 12 are electrostatically attracted
toward a sheet S conveyed to the transfer area 36, and
transferred to the sheet S for secondary transfer by applica-
tion of the secondary transfer voltage.

A portion of the intermediate transfer belt 12 is supported
by the roller 16. A cleaner 38 (cleaning brush roller) is
pressed against this portion of the intermediate transfer belt
12. The cleaner 38 scrapes toner remaining on the interme-
diate transfer belt 12 after secondary transfer, and collects
the scraped toner into a waste toner box 40. The cleaner 38
is retractable to a position not contacting the intermediate
transfer belt 12 by operation of the not-shown retracting
mechanism similarly to the secondary transfer roller 34.

A feed cassette 42 is detachably attached to a lower part
of the printer 10. The sheets S are stacked and accommo-
dated in the feed cassette 42. The sheet S located at the
uppermost position in the feed cassette 42 is conveyed sheet
by sheet to a conveyance path 46 in accordance with rotation
of a feed roller 44. Dashed arrows in FIG. 1 indicate a
traveling direction of the sheet S.

The conveyance path 46 extends from the feed cassette
42, through a nip portion of a pair of timing rollers 48, the
secondary transfer area 36, a pair of fixing rollers 61, and a
pair of discharge rollers 62, toward a discharge tray 11. The
pair of timing rollers 48 are equipped to convey the sheet S
coming from the feed cassette 42 in such a timing that the
arrival of the sheet S at the transfer area 36 is synchronized
with the arrival of the images thereat after the images are
formed on the intermediate transfer belt 12.

A timing sensor 52 is provided in the vicinity of the pair
of timing rollers 48. The timing sensor 52 is equipped to
detect a state that the tip of the sheet S supplied from the feed
cassette 42 to the conveyance path 46 has been nipped by the
pair of timing rollers 48. When detecting the tip of the sheet
S, the pair of timing rollers 48 temporarily stop rotation, and
then conveys the sheet S to the transfer area 36 in synchro-
nization with the toner images on the intermediate transfer
belt 12.

A sheet thickness sensor 54 is disposed at a position
facing to a roller 48a corresponding to one of the pair of
timing rollers 48. The sheet thickness sensor 54 detects a
shift quantity of the roller 48a produced when the sheet tip
is nipped by the pair of timing rollers 48. The sheet thickness
sensor 54 determines whether the sheet S is plain sheet, or
sheet having a certain thickness, such as cardboard and an
OHP sheet.

10

20

25

35

40

45

50

6

After the toner images are transferred to the sheet S at the
transfer area 36, the sheet S is conveyed to the pair of fixing
rollers 61 to fix the toner images to the sheet S. The pair of
fixing rollers 61 use a fixing belt heated by a heater, for
example, to fix the toner images to the sheet S.

A curved conveyance path 60 is formed between the pair
of fixing rollers 61 and the pair of discharge rollers 62 to
provide a path along which the sheet S is conveyed. At the
time of single-sided printing, the sheet S supplied to the
curved conveyance path 60 is conveyed by the pair of
discharge rollers 62, and discharged to the discharge tray 11.
A pair of switchback rollers 63, and a switchback path 64 are
provided in the vicinity of the pair of discharge rollers 62.
The sheet S supplied from the pair of switchback rollers 63
passes through the switchback path 64 to return to the
transfer area 36.

At the time of double-sided printing, the pair of switch-
back rollers 63 convey the sheet S having one printing
surface to the switchback path 64. The sheet S having one
printing surface passes along the switchback path 64, and
returns to the transfer area 36, where subsequent toner
images are transferred to the other surface of the sheet S.
After completion of transfer of the toner images to the other
surface, the sheet S passes through the pair of fixing rollers
61, the curved conveyance path 60, and the pair of discharge
rollers 62, and reaches the discharge tray 11 for discharge.

[General Operation of Printer]

Operation of the printer 10 having the foregoing configu-
ration is hereinafter described. When an instruction of
double-sided printing or single-sided printing is issued from
an external device (such as a personal computer) to the
printer 10, the printer 10 starts printing operation. At this
time, image information is input to the printer 10. The
printer 10 converts the input image information into digital
image signals indicating colors of yellow, cyan, magenta,
and black, and transmits the generated digital image signals
to a print head LED drive circuit.

Based on the received digital signals, the drive circuit
allows the respective print head units 26Y, 26M, 26C, and
26K to emit light for exposure. This exposure is performed
such that a time difference is produced for each of the print
head units 26, 26M, 26C, and 26K in this order. As a result,
electrostatic latent images in corresponding colors are
formed on the corresponding surfaces of the photosensitive
bodies 22Y, 22M, 22C, and 22K.

The respective electrostatic latent images formed on the
photosensitive bodies 22Y, 22M, 22C, and 22K are devel-
oped by the corresponding developing devices 28Y, 28M,
28C, and 28K to form toner images in respective colors. The
toner images in respective colors are sequentially transferred
to the intermediate transfer belt 12 moving in the direction
of the arrow A for primary transfer in such positions as to
overlap with each other, by the function of the primary
transfer rollers 30Y, 30M, 30C, and 30K to which primary
transfer voltage exhibiting positive polarity has been
applied.

The respective toner images overlapped in this manner on
the intermediate transfer belt 12 reach the transfer area 36 in
accordance with the movement of the intermediate transfer
belt 12. The overlapped toner images in respective colors are
collectively transferred to the sheet S passing through the
transfer area 36 for secondary transfer, by the function of the
secondary transfer roller 34 to which the secondary transfer
voltage exhibiting the same polarity as the polarity of the
primary transfer voltage has been applied. The sheet S
conveyed from the feed cassette 42 to the conveyance path
46 passes through the transfer area 36 in accordance with
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driving of the pair of timing rollers 48. Toner remaining on
the intermediate transfer belt 12 after secondary transfer is
collected by the function of the cleaner 38 to which cleaning
current exhibiting positive polarity has been supplied. The
collected toner shifts to a cleaning unit.

The sheet S to which the toner images have been trans-
ferred for secondary transfer passes through the conveyance
path 46, and reaches the pair of fixing rollers 61. The toner
images are thermally fixed to the sheet S while passing
through the pair of fixing rollers 61. Thereafter, the sheet S
is supplied to the curved conveyance path 60.

Operation for forming a color image is executed by the
foregoing procedures. In forming a monochrome image,
only the imaging unit 20K is operated to form a black toner
image on the intermediate transfer belt 12 based on input
monochrome image data. Thereafter, the black toner image
is transferred to the sheet S in the transfer area 36 for
secondary transfer, and thermally fixed by the pair of fixing
rollers 61. The sheet S to which the black toner image has
been transferred is conveyed to the curved conveyance path
60 in similar manners.

[Detailed Configuration Around Curved Conveyance
Path]

The detailed configuration around the curved conveyance
path 60 is hereinafter described. FIG. 2 illustrates a con-
figuration around the curved conveyance path 60 (portion
indicated by X in FIG. 1). As illustrated in this figure, there
are provided an upstream side movable guide 654, a down-
stream side movable guide 655, and a discharge sensor 66
around the curved conveyance path 60, in addition to the
pair of fixing rollers 61, the pair of discharge rollers 62, the
pair of switchback rollers 63, and the switchback path 64
mentioned above.

In the following description, the upstream side movable
guide 65a and the downstream side movable guide 655 are
collectively referred to as “movable guide 65” depending on
the circumstances. As illustrated in FIG. 2, the curved
conveyance path 60 is a conveyance path curved in the
thickness direction of the sheet S to be conveyed, and
constituted by an inner circumferential wall 60a (inner
circumferential side wall), and the movable guide 65 cor-
responding to an outer circumferential wall (outer circum-
ferential side wall). In the following description, the outer
circumferential wall of the curved conveyance path 60 is
abbreviated as “outer circumferential wall” depending on
the circumstances.

The pair of fixing rollers 61 are disposed on the upstream
side with respect to the curved conveyance path 60, while
the pair of discharge rollers 62 are disposed on the down-
stream side with respect to the curved conveyance path 60.
In the curved conveyance path 60, the sheet S is conveyed
approximately in a direction indicated by a dashed arrow in
FIG. 2. Terms “upstream side” and “downstream side” in
this embodiment indicate the upstream side and the down-
stream side with respect to the flow of conveyance of the
sheet S unless specified otherwise.

The curved conveyance path 60 is curved so that the
upward direction of the path 60 changes approximately to
the leftward direction as viewed from the upstream side to
the downstream side. The curved conveyance path 60
changes the vertical direction of the sheet S conveyed from
the pair of fixing rollers 61 to the horizontal direction so that
the sheet S can be laid on the discharge tray 11 in an
appropriate posture after discharge.

The movable guide 65 is movable between first through
third positions. The movable guide 65 located at the first
position (in the state illustrated in FIG. 2) forms the outer
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circumferential wall. In this case, the movable guide 65
guides the tip of the sheet S conveyed from the pair of fixing
rollers 61 in such a direction that the sheet S can be
conveyed toward the pair of discharge rollers 62 as indicated
by a dashed arrow in FIG. 2.

The upstream side movable guide 654 located at the first
position has a shape extended from a rotation fulcrum 6541
disposed in the vicinity of the pair of fixing rollers 61 to form
substantially a half (upstream side part) of the outer circum-
ferential wall. Similarly, the downstream side movable guide
6556 located at the first position has a shape extended from
a rotation fulcrum 6551 disposed in the vicinity of the pair
of discharge rollers 62 to form substantially a half (down-
stream side part) of the outer circumferential wall.

A mechanism for shifting the movable guide 65 is here-
inafter described. The upstream side movable guide 65a is
movable around the rotation fulcrum 65a41. Similarly, the
downstream side movable guide 655 is movable around the
rotation fulcrum 6551. Each of portions in the vicinity of
free ends of the upstream side movable guide 65« and the
downstream side movable guide 655 is comb-shaped, for
example, so that the upstream side movable guide 65a and
the downstream side movable guide 656 can cross each
other in the form of a three-dimensional crossing.

As illustrated in FIG. 3, elements constituting a driving
system for changing the position of the movable guide 65,
such as a cam 67, a motor 68, and gears 69, are provided at
predetermined positions in the vicinity of the movable guide
65 and not interfering with the conveyance of the sheet S
(such as positions inside the feed area of the sheet S).

The cam 67 is rotatable around a rotation fulcrum 674 by
a rotational force transmitted from the motor 68 to the cam
67 via the gears 69 to switch the state of the movable guide
65 between a state for maintaining the movable guide 65 at
the first position, a state for maintaining the movable guide
65 at the second position, and a state for maintaining the
movable guide 65 at the third position. When located at the
first position or the second position, the upstream side
movable guide 65a is so positioned as to contact a not-
shown positioning member. On the other hand, the down-
stream side movable guide 655 is urged toward the cam 67.

FIG. 4 illustrates the configuration around the curved
conveyance path 60 when the movable guide 65 is located
at the second position. The movable guide 65 shifts from the
first position to the second position in accordance with
movement of the free ends of the upstream side movable
guide 654 and the downstream side movable guide 656 from
the curved conveyance path 60 toward the outside in the
radial direction for a shift in the retracting direction.

FIG. 5 illustrates comparison between the movable guide
65 at the first position (indicated by broken lines) and the
movable guide 65 at the second position (indicated by solid
lines). As illustrated in this figure, the movable guide 65
located at the second position is positioned such that a
summit portion of a curve of the outer circumferential wall
(corresponding to a central portion of the curved area, i.e.,
portions of the upstream side movable guide 65a and the
downstream side movable guide 6556 at positions closest to
each other according to this embodiment) is retracted by a
length indicated by a colored arrow in comparison with the
first position.

FIG. 6 illustrates the configuration around the curved
conveyance path 60 when the movable guide 65 is located
at the third position. When the movable guide 65 is located
at the third position, the free end of the downstream side
movable guide 655 comes close to the inner circumferential
wall 60qa of the curved conveyance path 60. Accordingly, as
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indicated by a dashed arrow in FIG. 6, the sheet S conveyed
from the pair of fixing rollers 61 to the curved conveyance
path 60 passes between the upstream side movable guide
65a and the downstream side movable guide 654, and
reaches the pair of switchback rollers 63. Then, the sheet S
is conveyed to the switchback path 64 by the pair of
switchback rollers 63 to return to the transfer area 36.

The discharge sensor 66 is disposed at a predetermined
position on the upstream side in the curved conveyance path
60 to detect the sheet S passing through the position of the
discharge sensor 66. The printer 10 recognizes the time
when the tip of the sheet S passes through the position of the
discharge sensor 66 based on a detection result obtained
from the discharge sensor 66.

[Position Control of Movable Guide]

FIG. 7 is a block diagram illustrating a system associated
with position control of the movable guide 65. As illustrated
in this figure, the printer 10 includes a control unit 71
controlling the position of the movable guide 65, an 1/O
(input/output) unit 72 associated with input and output of
information, and a driving system 73 associated with driving
of the movable guide 65.

The control unit 71 including a CPU, a ROM, and a RAM
transmits instruction signals to the driving system 73 via the
1/O unit 72 to appropriately control the position of the
movable guide 65. The driving system 73 includes the cam
67, the motor 68, and the gears 69 noted above, and further
includes a driving circuit for driving the motor 68 in
accordance with instructions issued from the control unit 71,
for example. The control unit 71 obtains information on
detection results from the discharge sensor 66 via the /O
unit 72.

The details of the position control of the movable guide 65
performed at the time of printing are hereinafter described
with reference to a flowchart shown in FIG. 8. It is assumed
in this embodiment that the movable guide 65 is maintained
at the first position in the normal condition.

When receiving an instruction of printing, the control unit
71 determines whether the instruction is double-sided print-
ing, or single-sided printing (step S1). When the instruction
is the double-sided printing (step S1: YES), the control unit
71 shifts the movable guide 65 to the third position (step S2).

As a result, the movable guide 65 comes into a posture
illustrated in FIG. 6. The control unit 71 maintains this
posture of the movable guide 65 until a time T1 when
switchback of the sheet S is completed (step S3).

By the time T1, the following processes are completed:
(1) toner images are transferred to one of the surfaces of the
sheet S in the transfer area 36; (2) the toner images are fixed
to the sheet S by the pair of fixing rollers 61; (3) the sheet
S passes between the upstream side movable guide 65a¢ and
the downstream side movable guide 654 to reach the pair of
switchback rollers 63; and (4) the sheet S is returned by the
pair of switchback rollers 63.

At the time T1 (step S3: YES), the control unit 71 shifts
the movable guide 65 to the first position (step S4). As a
result, the movable guide 65 comes into a posture illustrated
in FIG. 2. The control unit 71 maintains this posture of the
movable guide 65 until a time T2 when the sheet S is caught
between the pair of discharge rollers 62 (step S5).

By the time T2, the following processes are completed:
(5) toner images are transferred to the other surface of the
sheet S in the transfer area 36; (6) the toner images are fixed
to the sheet S by the pair of fixing rollers 61; and (7) the tip
of'the sheet S passes through the curved conveyance path 60
and reaches the pair of discharge rollers 62.

15

20

30

40

45

55

10

At the time T2 (step S5: YES), the control unit 71 shifts
the movable guide 65 to the second position (step S6). As a
result, the movable guide 65 comes into a position illustrated
in FIG. 4. The control unit 71 maintains this posture of the
movable guide 65 until a time T3 when discharge of the
sheet S is completed (step S7).

By the time T3, the following process is completed: (8)
the sheet S is conveyed toward the discharge tray 11 by the
function of the pair of discharge rollers 62. During this
period, the movable guide 65 located at the second position
is retracted toward the outside in the radial direction in
comparison with the first position. Accordingly, contact
between the sheet S and the movable guide 65 is minimized.

At the time T3 (step S7: YES), the control unit 71 shifts
the movable guide 65 to the first position (step S8). As a
result, the movable guide 65 comes to the normal position.
Then, the control unit 71 determines whether or not the
printing job has been finished (step S9). When the printing
job is not finished (step S9: NO), the control unit 71 returns
to step S1 and repeats the process in step S1. When the
printing job is finished (step S9: YES), the control unit 71
ends this printing.

When receiving an instruction of single-sided printing
(step S1: NO), the control unit 71 waits until a time T4 when
discharge of the sheet S is completed (step S10). At the time
T4 (step S10: YES), the control unit 71 executes the process
in step S9.

In case of single-sided printing, toner images are trans-
ferred only to one of the surfaces of the sheet S (surface not
facing to the movable guide 65), wherefore substantially no
contact is made between the toner images and the movable
guide 65. Accordingly, as noted above, no serious problem
occurs when the process for shifting the movable guide 65
from the first position to the second position (process
corresponding to step S6) is omitted. It is preferable, how-
ever, that contact between the sheet S and the movable guide
65 is minimized at the time of discharge of the sheet S by the
function of the pair of discharge rollers 62. From this point
of view, the process for shifting the movable guide 65 from
the first position to the second position may be executed
even in case of single-sided printing.

The control unit 71 recognizes the times T1 through T4
based on detection results obtained from the discharge
sensor 66. More specifically, the periods until the respective
times T1 through T4 from the time when the tip of the sheet
S is detected by the discharge sensor 66 are known before-
hand based on specifications or the like of the printer 10. The
control unit 71 retains information on these periods, and
therefore recognizes the respective times T1 through T4
based on this information and the detection results obtained
from the discharge sensor 66. Accordingly, the control unit
71 can execute the foregoing processes in steps S3, S5, S7,
and S10 in appropriate manners.

As noted above, the printer 10 performs a double-sided
printing action for printing on both surfaces of the sheet S.
This double-sided printing action includes processes such as
(A) a first transfer process for transferring toner images to
one of the surfaces of the sheet S in the transfer area 36, (B)
a switchback process for returning the sheet S to the transfer
area 36 after the first transfer process, while positioning the
movable guide 65 at the third position, (C) a second transfer
process for transferring toner images to the other surface of
the returned sheet S in the transfer area 36, and (D) a
discharge process for conveying the sheet S to the pair of
discharge rollers 62 after the second transfer process, while
positioning the movable guide 65 at the first position, and
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subsequently for shifting the movable guide 65 to the second
position when the tip of the sheet S is caught between the
pair of discharge rollers 62.

The movable guide 65 constitutes the outer circumferen-
tial wall. When the movable guide 65 is located at the second
position, the summit portion of the curve is retracted toward
the outside in the radial direction in comparison with the first
position. The movable guide characterized in this point is
not limited to the specific example of the movable guide in
this embodiment, but may be other types of movable guides.
Movable guides according to second and third embodiments
discussed hereinbelow are examples of types different from
the movable guide according to the first embodiment.

2. Second Embodiment

The second embodiment is hereinafter described. In the
following description, only points different from the corre-
sponding points in the first embodiment are chiefly dis-
cussed, and explanation of points common to both the
embodiments is not repeated.

FIG. 9 illustrates a configuration around the curved con-
veyance path 60 according to this embodiment. A movable
guide 65x illustrated in this figure has a shape different from
the shape of the movable guide 65 according to the first
embodiment. This embodiment is applicable to a structure
not including the switchback mechanism for the sheet S
(such as a structure performing only single-sided printing),
or to a structure which positions the switchback mechanism
for the sheet S at a location not shown in the figure.

The movable guide 65x is rotatable around a rotation
fulcrum 65x1 disposed in the vicinity of the pair of discharge
rollers 62, and forms the outer circumferential wall of the
curved conveyance path 60 when lying in a state at the first
position (state illustrated in FIG. 9). The movable guide 65x
in this state guides the tip of the sheet S conveyed from the
pair of fixing rollers 61 in such a direction that the sheet S
travels toward the pair of discharge rollers 62.

FIG. 10 illustrates the movable guide 65x shifted from the
first position to the second position. As illustrated in this
figure, the movable guide 65x at the first position rotates
around the rotation fulcrum 65x1 in a direction indicated by
a white arrow to shift to the second position. When the
movable guide 65x is located at the second position, the
summit portion of the curve of the outer circumferential wall
is retracted toward the outside in the radial direction in
comparison with the first position.

Accordingly, similarly to the first embodiment, contact
between the sheet S and the movable guide 65x is minimized
by the shift of the movable guide 65x from the first position
to the second position when the sheet S is caught between
the pair of discharge rollers 62.

FIG. 11 illustrates a mechanism for shifting the movable
guide 65x. As illustrated in this figure, a cam 67x, a motor
68x, and gears 69x are provided to constitute a driving
system for shifting the position of the movable guide 65x.
This driving system is located at a position not interfering
with conveyance of the sheet S.

The cam 67x is rotated around a rotation fulcrum 67x1 by
a rotational force transmitted from the motor 68x to the cam
67x via the gears 69x to switch the state of the movable guide
65x between a state for maintaining the movable guide 65x
at the first position, and a state for maintaining the movable
guide 65x at the second position. According to this embodi-
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ment, the position of the movable guide 65x is controllable
by control of the driving of the motor 68x.

3. Third Embodiment

The third embodiment is hereinafter described. In the
following description, only points different from the corre-
sponding points in the first embodiment are chiefly dis-
cussed, and explanation of points common to both the
embodiments is not repeated.

FIG. 12 illustrates a configuration around the curved
conveyance path 60 according to this embodiment. A mov-
able guide 65y illustrated in this figure has a shape different
from the shape of the movable guide 65 according to the first
embodiment. This embodiment is applicable to a structure
not including the switchback mechanism for the sheet S
(such as a structure performing only single-sided printing),
or to a structure which positions the switchback mechanism
for the sheet S at a location not shown in the figure.

The movable guide 65y lying in a state at the first position
(state illustrated in FIG. 12) forms the outer circumferential
wall of the curved conveyance path 60. The movable guide
65y in this state guides the tip of the sheet S conveyed from
the pair of fixing rollers 61 in such a direction that the sheet
S travels toward the pair of discharge rollers 62.

FIG. 13 illustrates the movable guide 65y shifted from the
first position to the second position. As illustrated in this
figure, the movable guide 65y at the first position shifts to the
second position by parallel movement in a direction indi-
cated by a white arrow. When the movable guide 65y is
located at the second position, the summit portion of the
curve of the outer circumferential wall is retracted toward
the outside in the radial direction in comparison with the first
position.

Accordingly, similarly to the first embodiment, contact
between the sheet S and the movable guide 65y is minimized
by the shift of the movable guide 65y from the first position
to the second position when the sheet S is caught between
the pair of discharge rollers 62.

FIG. 14 illustrates a mechanism for shifting the movable
guide 65y. As illustrated in this figure, a solenoid 80 and a
spring 81 are provided to constitute a driving system for
changing the position of the movable guide 65y. This driving
system is located at a position not interfering with convey-
ance of the sheet S.

In the normal condition, the movable guide 65y is main-
tained at the first position by an elastic force of the spring 81.
When the solenoid 80 is actuated, the movable guide 65y is
shifted to the second position by a magnetic force generated
from the solenoid 80. According to this embodiment, the
position of the movable guide 65y is controllable by control
of the driving of the solenoid 80.

4. Others

The printer 10 according to each of the foregoing embodi-
ments includes the sheet conveying device which contains
the curved conveyance path 60 along which the sheet S is
conveyed, and the pair of discharge rollers 62 disposed
downstream with respect to the curved conveyance path 60.
This sheet conveying device is a device which uses the pair
of discharge rollers 62 for catching the sheet S conveyed
from the pair of fixing rollers 61 and the subsequent curved
conveyance path 60 disposed on the upstream side, and
includes the movable guide movable between the first posi-
tion and the second position.



US 9,488,933 B2

13

At the first position, the movable guide forms the outer
circumferential wall of the curved conveyance path 60, and
guides the tip of the sheet S supplied to the curved convey-
ance path 60 in such a direction that the sheet S travels
toward the pair of discharge rollers 62. At the second
position, the summit portion of the curve of the outer
circumferential wall is retracted to the outside in the radial
direction in comparison with the first position. According to
the sheet conveying device characterized in this point,
contact between the outer circumferential wall and the sheet
S passing through the curved conveyance path 60 can be
minimized.

While the specific embodiments according to the present
invention have been described herein, the subject matters of
the present invention are not limited to these examples.
Various modifications and changes may be made to the
foregoing embodiments without departing from the scope of
the present invention.

The present invention is applicable to an image forming
apparatus which conveys sheet, for example.

According to an embodiment of the present invention, a
sheet conveying device minimizes contact between sheet
and an outer circumferential wall while the sheet is passing
through a curved conveyance path. In addition, an image
forming apparatus according to an embodiment of the pres-
ent invention offers advantages similar to the advantages of
the sheet conveying device according to an embodiment of
the present invention.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is
by way of illustrated and example only and is not to be taken
by way of limitation, the scope of the present invention
being interpreted by terms of the appended claims.

What is claimed is:

1. A sheet conveying device for receiving a sheet from a

transfer unit of an image forming apparatus, comprising:

a curved conveyance path along which the sheet is
conveyed, wherein the curved conveyance path is dis-
posed on a downstream side of the transfer unit;

a pair of downstream side rollers that lies on a down-
stream side with respect to the curved conveyance path,
and catches the sheet conveyed from an upstream side
with respect to the curved conveyance path and reach-
ing the curved conveyance path, wherein

the curved conveyance path includes a movable guide
movable between a first position and a second position,

at the first position, the movable guide forms an outer
circumferential wall of the curved conveyance path,
and guides a tip of the sheet in such a direction that the
sheet conveyed to the curved conveyance path travels
toward the pair of downstream side rollers, and

at the second position, a summit portion of a curve of the
outer circumferential wall is retracted toward the out-
side in a radial direction of the curve with respect to the
first position;

a driving unit moving the movable guide to the first
position and the second position; and

a controlling unit controlling the driving unit and config-
ured to controllably move the movable guide to the first
position and the second position, the controlling unit
controlling the driving unit to arrange the movable
guide at the first position until a distal end of the sheet
reaches the pair of downstream side rollers via the
curved conveyance path and to shift the movable guide
to the second position when the distal end of the sheet
reaches the pair of downstream side rollers.
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2. The sheet conveying device according to claim 1,
wherein the movable guide is shifted from the first position
to the second position when the distal end of the sheet is
caught between the pair of downstream side rollers.

3. The sheet conveying device according to claim 1,
further comprising:

a pair of upstream side rollers provided on the upstream
side with respect to the curved conveyance path,
wherein the sheet is conveyed to the curved convey-
ance path by the pair of the upstream side rollers.

4. An image forming apparatus comprising:

the transfer unit that transfers a toner image to sheet; and

the sheet conveying device according to claim 1, the sheet
being conveyed to the curved conveyance path of the
sheet conveying device after the toner image is trans-
ferred to the sheet.

5. A sheet conveying device comprising:

a curved conveyance path along which sheet is conveyed;

a pair of downstream side rollers that lies on the down-
stream side with respect to the curved conveyance path,
and catches the sheet conveyed from the upstream side
with respect to the curved conveyance path and reach-
ing the curved conveyance path; and

a pair of upstream side rollers provided on the upstream
side with respect to the curved conveyance path,
wherein the sheet is conveyed to the curved convey-
ance path by the pair of the upstream side rollers,
wherein

the curved conveyance path includes a movable guide
movable between a first position and a second position,

at the first position, the movable guide forms an outer
circumferential wall of the curved conveyance path,
and guides a tip of the sheet in such a direction that the
sheet conveyed to the curved conveyance path travels
toward the pair of downstream side rollers,

at the second position, a summit portion of a curve of the
outer circumferential wall is retracted toward the out-
side in a radial direction of the curve with respect to the
first position,

the movable guide includes an upstream side movable
guide rotatable around a fulcrum located in the vicinity
of the pair of upstream side rollers, and a downstream
side movable guide rotatable around a fulcrum located
in the vicinity of the pair of downstream side rollers,
and

the shift from the first position to the second position is a
shift of free ends of the upstream side movable guide
and the downstream side movable guide toward the
outside in the radial direction.

6. An image forming apparatus comprising:

a transfer unit that transfers a toner image to sheet; and

a sheet conveying device comprising:

a curved conveyance path along which the sheet is
conveyed after the toner image is transferred to the
sheet;

a pair of downstream side rollers that lies on a down-
stream side with respect to the curved conveyance path,
and catches the sheet conveyed from an upstream side
with respect to the curved conveyance path and reach-
ing the curved conveyance path, wherein

the curved conveyance path includes a movable guide
movable between a first position and a second position,

at the first position, the movable guide forms an outer
circumferential wall of the curved conveyance path,
and guides a tip of the sheet in such a direction that the
sheet conveyed to the curved conveyance path travels
toward the pair of downstream side rollers, and
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at the second position, a summit portion of a curve of the
outer circumferential wall is retracted toward the out-
side in a redial direction of the curved with respect to
the first position;

a driving unit moving the movable guide to the first
position and the second position;

a controlling unit controlling the driving unit and config-
ured to controllably move the movable guide to the first
position and the second position, the controlling unit
controlling the driving unit to arrange the movable
guide at the first position until a distal end of the sheet
reaches the pair of downstream side rollers via the
curved conveyance path and to shift the movable guide
to the second position when the distal end of the sheet
reaches the pair of downstream side rollers; and

a pair of upstream side rollers provided on the upstream
side with respect to the curved conveyance path,
wherein the sheet is conveyed to the curved convey-
ance path by the pair of the upstream side rollers,

wherein

the pair of upstream side rollers fix the toner image to the
sheet, and

the pair of downstream side rollers discharge the sheet.

7. The image forming apparatus according to claim 6,
further comprising:

a switchback path along which the sheet conveyed to the
curved conveyance path returns to the transfer unit,
wherein the movable guide is movable to a third
position at which the movable guide guides the sheet in
such a direction that the sheet travels to the switchback
path.

8. The image forming apparatus according to claim 7,

wherein

the image forming apparatus executes a double-sided
printing action for printing on both surfaces of sheet,
and

the double-sided printing action includes
a first transfer process for transferring a toner image to

one of surfaces of the sheet, the first transfer process
executed by the transfer unit,

a switchback process for returning the sheet to the
transfer unit after the first transfer process, while
positioning the movable guide at the third position,

a second transfer process for transferring a toner image
to the other surface of the returned sheet, the second
transfer process executed by the transfer unit, and

a discharge process for conveying the sheet to the pair
of downstream side rollers after the second transfer
process, while positioning the movable guide at the
first position, and subsequently for shifting the mov-
able guide to the second position when the tip of the
sheet is caught between the pair of downstream side
rollers.

9. A sheet conveying device in combination with an image
forming apparatus including a transfer unit that transfers an
image to a sheet, the sheet conveying device comprising:

a curved conveyance path along which the sheet is
conveyed;

a pair of downstream side rollers that lies on a down-
stream side with respect to the curved conveyance path,
and catches the sheet conveyed from an upstream side
with respect to the curved conveyance path and reach-
ing the curved conveyance path, wherein
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the curved conveyance path includes a movable guide
movable between a first position and a second position,

at the first position, the movable guide forms an outer
circumferential wall of the curved conveyance path,
and guides a tip of the sheet in such a direction that the
sheet conveyed to the curved conveyance path travels
toward the pair of downstream side rollers, and

at the second position, a summit portion of a curve of the
outer circumferential wall is retracted toward the out-
side in a radial direction of the curve with respect to the
first position;

a driving unit moving the movable guide to the first
position and the second position; and

a controlling unit controlling the driving unit to arrange
the movable guide at the first position until a distal end
of the sheet reaches the pair of downstream side rollers
via the curved conveyance path and to shift the mov-
able guide to the second position when the distal end of
the sheet reaches the pair of downstream side rollers,

wherein the sheet conveying device is arranged down-
stream of the transfer unit such that the sheet passes
through the curved conveyance path after the image has
been transferred to the sheet in the transfer unit, the
image forming apparatus being capable of a one-sided
printing and a two-sided printing of the sheet, and the
controlling unit controlling the driving unit so that the
movable guide is held at the first position during the
one-sided printing and so that the movable guide is
moved between the first position and the second posi-
tion during the two-sided printing.

10. A sheet conveying device comprising

a curved conveyance path along which the sheet is
conveyed, wherein the curved conveyance path is dis-
posed on a downstream side of a transfer unit;

a pair of downstream side rollers that lies on a down-
stream side with respect to the curved conveyance path,
and catches the sheet conveyed from an upstream side
with respect to the curved conveyance path and reach-
ing the curved conveyance path, wherein

the curved conveyance path includes a movable guide
movable between a first position and a second position,

at the first position, the movable guide forms an outer
circumferential wall of the curved conveyance path,
and guides a tip of the sheet in such a direction that the
sheet conveyed to the curved conveyance path travels
toward the pair of downstream side rollers, and

at the second position, a summit portion of a curve of the
outer circumferential wall is retracted toward the out-
side in a radial direction of the curved with respect to
the first position;

a driving unit moving the movable guide to the first
position and the second position;

a controlling unit controlling the driving unit and config-
ured to controllably move the movable guide to the first
position and the second position, the controlling unit
controlling the driving unit to arrange the movable
guide at the first position until a distal end of the sheet
reaches the pair of downstream side rollers via the
curved conveyance path and to shift the movable guide
to the second position when the distal end of the sheet
reaches the pair of downstream side rollers; and

a discharge sensor disposed in an area of the movable
guide.



